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A SPONTANEOUS ELECTROMOTIVE-FORCE IN CELLS OF 
ALKALI METALS. 

BY JAY W. WOODROW. 

IN working with photo-electric cells, it was found that when the cell 
was insulated in the dark the alkali metal would develop a negative 

charge. As all attempts to remove this effect were unsuccessful, it was 
decided to investigate the phenomena more carefully. The results of 
these experiments will be described in the following paper. 

The apparatus was set up as shown in Fig. I. The alkali metal was 
placed in the cell C and as high a vacuum as possible obtained by means 
of a Gaede pump so that a per
fectly pure surface could be pro
cured. The different metals in
vestigated were caesium,potas
sium, and an alloy of sodium 
and potassium formed by melt
ing together masses of the two ^UL^.^A^

 or\ E 

proportional to their a t o m i c p-is j 
weights respectively. Through
out the investigation, the cell was kept carefully screened from the light 
by the box D. 

In measuring the potential, the electrode of the alkali metal which was 
connected to one pair of quadrants of the electrometer Q was insulated 
by raising the plunger of the key K. The other electrode and the other 
pair of quadrants were earthed. The maximum potential was deter
mined from the deflection of the electrometer which had a sensitiveness 
of 160 mm. per volt. 

In order to measure the current which the cell would give, the interior 
of a small cylindrical condenser (capacity = 24.55 E.S.U.) was connected 
in as shown at H. The outer cylinder of the condenser was connected to 
a potentiometer by means of which any desired potential could be 
obtained. After raising the plunger of the key K, the potential on the 
exterior of the condenser was gradually increased so as to keep the 
electrometer always at the zero position. From the known potential 
and capacity, the charge drawn into the condenser in a given time was 
determined and from this the current was readily calculated. 
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MEASUREMENT OF THE POTENTIAL. 

The plunger of the key K was raised and the electrometer readings 
were taken at regular intervals. At first the deflection increased rapidly, 
but after a few hours the reading became constant. The curve obtained 
by plotting potential against time resembles a saturation curve. Typical 
cases are shown in Fig. 2. Curve I. was obtained with a cell in which 
the electrodes consisted of an aluminium wire placed parallel to the 
surface of the alloy of sodium and potassium. The cell from which 
Curve II. was obtained contained caesium and platinum electrodes. The 
time required for the cells to attain the maximum potential was found 
to depend upon the size and distance between the electrodes. In one 
cell in which the earthed electrode was simply the end of a platinum wire, 
it required over thirty hours to attain the maximum potential; while the 

other cells in which larger elec
trodes were used leached the maxi
mum value in from two to four 
hours. If instead of earthing the 
aluminium (or platinum) electrode, 
it was kept at a constant positive 
potential equal in value to the neg
ative potential attained by the 
alkali metal, the deflection was re
duced to zero. 

Five different cells with the sodium-potassium alloy for the alkali 
electrode were investigated and the mean maximum negative potentials 
in volts are given in Table I. Cell III. was constructed with two elec-

TABLE I. 

Fig. 2. 

Number of 
Cell. 

I. 
I I . 

I I I . 

IV. 

v. 
Caesium 

Potassium 

Maximum Potential Attained. 

Charcoal at 
250 C. 

2.2 
2.0 

2.4 
2.5 
2.8 

2.6 
2.0 

Charcoal in 
I,iq. Air. 

1.5 

No Charcoal 
Tube. 

1.5 
1.5 

1.6 
2.4 

Al electrode earthed. 
Al electrode earthed. 
Al electrode earthed. 
Pt electrode earthed. 
Al electrode earthed. 
Tube filled with hydrogen. 
After electric discharge. 
Al electrode earthed. 
After electric discharge. 

trodes, in addition to the platinum electrode which was in contact with 
the alloy, so that measuiements could be taken with either an aluminium 
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or platinum electrode earthed while at the same time no change would 
be made in the connections between the alloy and the electrometer. 
It will be seen that the maximum potential obtained in the two cases 
was identical. If the effect had been due to a contact potential difference 
between the alloy and the platinum or aluminium,1 the magnitude of 
the potential in the two cases would have differed as the contact difference 
of potential between potassium and aluminium is 1.9 volts while that 
between potassium and platinum is 4.1 volts.2 Cells exactly similar to 
the above in construction, containing clean mercury in a high vacuum, 
showed no leak which could be measured when treated as were the cells 
of alkali metals. It is also worthy of notice that the mean maximum 
potential obtained with Cell I. when the charcoal tube was immersed in 
liquid air is exactly equal to that obtained with Cell III. to which no 
charcoal tube was attached. 

Interesting phenomena were shown by Cell IV. This cell contained 
strips of palladium which had been made to absorb great quantities of 
pure hydrogen by using it as the cathode in an electrolytic cell of dilute 
sulphuric acid. Upon heating the palladium the tube was filled with 
hydrogen, but very little change was observed in the maximum potential. 
However, upon passing an electric discharge from an induction coil 
through the cell for several minutes, the potential was increased quite 
perceptibly. This increase of the potential would disappear in a few 
days but could be renewed by means of another discharge. This effect 
of the electric discharge was even more pronounced in another cell, 
No. V., which contained no hydrogen. It was rather surprising to find 
that although the hydrogen was shown to exert considerable pressure 
within the tube, yet it seemed to make no change or at least very little 
change in this effect. 

EFFECT OF TEMPERATURE UPON THE MAXIMUM POTENTIAL. 

The effect of the temperature upon this potential was next investigated. 
The cell was heated by means of an electric furnace in which the wires 
were so wound as not to produce a magnetic field. The temperatures 
were read on a good mercury-in-glass thermometer suspended so that the 
bulb was in contact with the glass walls of the cell. This of course gave 
only a close approximation to the actual temperature of the alkali metal 
but was thought to be sufficiently accurate for the purpose of the experi
ment. The temperatures below room temperature were obtained by 
partially immersing the cell in ice and a mixture of salt and ice which was 

1 Cf. Jakob Kunz, PHYS. REV., XXXI., p. 538, IOIO- Cf. F. K. Richtmyer, PHYS. REV., 
XXIX., p. 74, 1909. 

2 Winkelmann, Handbuch der Physik, Vol. 4, p. 855. 
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contained in an earthed tin vessel. A set of values is given in Table II. 
for the mean potentials observed with one cell. The potentials are 
recorded in volts. 

TABLE II. 

Potential as a Function of the Temperature. 

Temperature. 

- 1 5 ° C. 
0 ° C . 

15° C. 
25° C. 
30° C. 
40° C. 
50° C. 

Maximum Potential. 

2.00 
1.92 
1.20 
0.73 
0.91 
1.59 
1.91 

Temperature. 

60° C. 
65° C. 
75° C. 
80° C. 

105° C. 
120° C. 
160° C. 

Maximum Potential. 

2.18 
2.24 
2.21 
2.20 
2.13 
2.02 
2.00 

The curves in Fig. 3 both indicate 
that the minimum effect is obtained 
at about 250 C. and the maximum 
at about 750 C ; while above the lat
ter the potential decreases slightly 
and then remains very nearly con
stant with further increase in the tem
perature. At the higher temperatures 
the maximum potential was reached 

in a few minutes after insulation. This fact led to an investigation of 
the current which the cell would give. 

EFFECT OF TEMPERATURE UPON THE CURRENT. 

The current was measured as explained earlier in the paper, and the 
desired temperatures were obtained as in the previous case where the 
potential was determined. In Fig. 4 are shown curves which represent 
the current given by two different sodium-potassium cells. These curves 
are seen to be identical with those which Richardson1 obtained for the 
current between a hot platinum wire and a metal cylinder surrounding 
it in a high vacuum. That is, for temperatures above 300 C , the current 
given by a cell with electrodes of platinum and an alloy of sodium and 
potassium in a high vacuum will when carefully screened from light be 
represented by 

i = aTh~m\ 

where a and b are constants and T is the absolute temperature. The 
following constants were calculated for Cell No. VI., 

1 O. W. Richardson. Proc. Camb. Phil. Soc, XI., p. 286, 1902. 
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a = 0 .18 , b = 11 ,000 ; 

and for Cell VII., 
a = 0 . 0 1 , b = 10,000. 

The dotted curve in Fig. 4 is the curve obtained by using the former 
of the two sets of constants in the above theoretical equation. The 
close agreement between these curves and the theoretical curves indicates 
that the current is due to an emission of positive particles from the 
surface of the alkali metals. Dr. S. H. Anderson, working in this labora-
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Fig. 4. Fig. 5. 

tory, has shown in a paper which will appear later that the same curves 
are obtained from the alkali metals caesium and potassium. 

However, at the temperatures below room temperature the above 
equation does not hold. A maximum value was obtained at about o° C. 
as is shown by the curves in Fig. 5. As the temperature was still further 
decreased the magnitude of the current decreased and at the temperature 
of liquid air it was too small to be measured with any degree of accuracy. 
It will be seen that the curves in Fig. 5 are the same as those in Fig. 4 
drawn on a different scale so as to show the small maximum at o° C. 
It was observed that even with the best vacuum possible, the suiface 
of the sodium-potassium alloy would not remain pure if an aluminium 
electrode were used. After a few weeks a white film would appear which 
caused a decrease in the maximum potential and current obtained from 
the cell. Upon examining several cells it was noticed that only those 
which had been left short-circuited for some time in the dark showed 
this effect. If care were taken not to leave the cell in the dark while 
short-circuited, the surface would remain pure for a long time. In the 
later cells investigated the aluminium electrode was replaced by one of 
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platinum. After four months these cells still show a perfectly pure 
alkali-metal surface. That is, a small beam of light is so reflected from 
the metal that one cannot see the spot where it strikes the surface. 
Time has not permitted a further investigation to determine whether 
this formation of a film was due to the gases contained in the aluminium 
electrode or to some action between the alkali vapor and this electrode. 

No attempt has been made to explain all the phenomena described 
here. However, all the results point to the conclusion that some sort of 
positively charged particles are given off by the alkali metals in a high 
vacuum. As Dr. Anderson in a paper which is to appear later has shown 
that at the high temperatures this emission of positive electricity is so 
great as to counterbalance the ordinary photo-electric effect in the light, 
we conclude that this action is taking place in the light as well as when 
screened from light but is overbalanced by the emission of negatively 
charged electrons at ordinary temperatures in the latter case. 

If we consider the current given by these cells as due to positive par
ticles emitted from the surface of the metal, the number leaving the 
surface can be computed. For we have that 

i 

where n is the number leaving the surface per second, i is the current, 
and e is the charge on each carrier. At a temperature of 250 C. the 
current was found to be 

i = 1.9 X io~16E.M.U. 

Taking e to be 1.5 X io~20, this gives for the number leaving the surface 
per second, 

1.9 X 10- 1 5 

w = iT^o^ = I ' 3 X l ° 5 -
It is interesting to compare this with the total number of atoms in the 
surface layer of the alkali metal. An approximate value of the average 
area of cross-section of the atom in the alloy used is 1.7 X io~15 sq. cm. 
The area of the surface was 8.4 sq. cm. so that the total number in the 
surface layer was 

iTSl^i= 5 x Io15-
Hence, the ratio of the total number of atoms in the surface layer to the 
number of particles leaving this surface per second is 

^ ^ = 3-8 X 10-1.3 X io5 •* 
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That is, if the current is considered as due to positive particles shot out 
from the metal, only one atom out of 3.8 X io10 of those on the surface 
layer would be required to emit a positive particle per second in order 
to account for the total current. At 1200 C. the current was 2.6 X io~13 

E.M.U., and consequently, 
n = 1.7 X io7. 

The ratio of the total number of atoms in the surface layer of positive 
particles emitted per second would be 

5 X io15
 8 

17x1? = 3 x I0 * 
These results seem to indicate that only a very small proportion of the 
atoms are active and that the number increases with the temperature-
If it can be proved that this current is due to positive particles shot off 
from the active atoms (or molecules), it will give a direct proof of the 
theory of radiation which assumes that only a small proportion of the 
molecules of a radiating body are active. 

These investigations are to be continued further in order to investigate 
more thoroughly the nature of this positive emission and to determine 
the source of the energy. The present investigation has been carried 
out during the past year under the direction of Dr. Kunz, whom the 
author wishes to thank most heartily for his many helpful suggestions 
and for his never-failing interest and aid in the progress of the work. 
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